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Abstract 
Pedada fruit flour (PFF) is flour made from mangrove fruit belonged to Pedada species (Sonneratia caseolaris). This flour has a 
high enough dietary fiber (63.70%) that very potential to be developed as functional food product, such as a biscuit. In this 
research consisted of two stages. The first stage aims to evaluate physicochemical and sensory properties on biscuit product made 
from wheat-PFF mixture (80:20%) with addition of glycerol monostearate (GMS) and lecithin at different concentrations (0.5% 
GMS + 0.5% lecithin and 0.25% GMS + 0.25% lecithin). The best result of biscuit product were used as reference for making 
biscuit on second stage by addition of  0, 10 and 20% PFF. Then biscuit conducted of Meal Tolerance Test (MTT) using mice 
with age 2-3 month, to be evaluated the effect of inhibition of blood glucose for 2 hour intervals 30 minute. The best results of 
biscuit the first stage which was added with 0.5% of lecithin showed the physical properties e.i, 35.400 N/m of breaking strength, 
6.29 of spread ratio, 42.60 of brightness (L), 23.83 of redness (a), and 19.17 of yellowish (b), while the chemical properties e.i, 
3.87% of moisture content, 2.10% of ash content, 5.83% of protein content, 25.49% of fat content and 64.56% of carbohydrate 
by different. The results of sensory evaluation showed that 4.80 of color, 3.60 of taste and 4.32 of aroma. Whereas the results of 
the second stage showed that the biscuit produce with the substitution of 20% PFF for 2 hours gave power inhibition of glucose 
of 7.63% 
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1. Introduction 
Utilization of mangrove fruit for food products is still very low, especially mangrove fruit types of pedada 
(Sonneratia caseolaris). The flour products from this fruit were given a name Pedada Fruit Flour (PFF).  It contains 
antioxidant and dietary fiber is high enough, and proved to have have hypoglycemic and hypocholesterolemic 
properties (Jariyah et al., 2013; Jariyah et al., 2014). So the PFF potentially to be developed into functional food 
products, as a biscuits.  This products classified a dry food product that made with baking dough containing basic 
ingredients of flour, fats, and improvers with the addition of ingredients such as sugar, salt, milk, shortening by the 
printing and heating process, its can be consumed among all age groups in many countries, (Adebowale et al., 
2012; Cauvain & Young, 2000).  
The previously research showed that biscuit with substitution 30% of PFF to yield hard texture of biscuit and the 
less favored by panelists. Sudha et al. (2004) reported that the dietary fiber can cause the texture of biscuits product 
little hard on chewed, so to reduce the hardness its, was added emulsifier as a lecithin or glycerol monostearate 
(GMS) (Sindhuja et al., 2005).  The emulsifier can be to bind with the components of dietary fiber to form a porous 
matrix stucture from polysaccharides to cover hydrogen binding, so the texture of biscuit to become crispy 
((Kohajdová et al., 2009; Dhingra et al., 2012; Sharoba et al., 2013; Sindhuja et al., 2005). The crispness is one 
of the important characteristics on snack products (Sudha et al., 2004).  
Based on the primacy of PFF, then evaluated the functional properties of biscuit products by Meal Tolerance Test 
(MTT), to know resistance of increased the blood glucose levels on rats after consuming the products 
(Maulida &Estiasih, 2012). If the material have ability lower to increase of blood glucose levels, so it indicated has 
the ability to improvement inhibit blood glucose levels (Harijono et al., 2013). Rachmadani & Estiasih (2011) 
reported that the lowest increased blood glucose levels were obtained on mice given fed rice arrowroot (24,70 
mg/dL). According method of MTT by Madar et al. (1988) can be used to find out the blood glucose levels of 
diabetes type 2 with measuring of blood plasma at 30, 60, 90 and 120 minute after meals. So the research to consist 
of two stage, the first stage aimed to evaluate the effect of emulsifier on biscuits with substitution PFF, the second 
stage aimed to evaluate decrease of blood glucose in wistar rats were given feed of biscuit products. 
2. Materials and methods 
2.1. Formulation of biscuits 
Five treatment were prepared with substituting PFF 20% for wheat flour in percentage proportion of 0:100 and 
20:80g were added 0.5g of GMS, 0.5g of lechitin, and 0.25g of lechitin was mixed 0.25g of GMS. The biscuit recipe 
was presented in Table 1 followed modified procedure of Sudha et al. (2004) and Sindhuja et al. (2005).  
2.2. Processing of PFF- wheat flour biscuit with difference emulsifier 
Sugar, margarine, GMS or lecithin, and glucose syrup were creamed in a mixer with a flat beater for 3 min at 60 
rpm. Water containing sodium chloride was added to above cream and mixed for 2 min at 100 rpm to obtain a 
homogenous cream. Then, wheat flour- PFF with baking powder were added and mixed for 5 min at 60 rpm. Dough 
was sheeted using a rolling pin to a thickness of 3.5 mm and cut with a cutter of 7.5 in diameter and baked in an 
aluminum tray at 150-1800C for 4-6 min.  
2.3. Determination of physical properties and chemical composition of biscuit 
Spread ratio was measured from width (cm) and thickness (cm) of biscuit (Modified method by Adebowale et al., 
2012), color of biscuit (Yuwono & Susanto, 1998), breaking strength (Sudha et al., 2004). Moisture, fat, ash, protein 
contents, and carbohydrates by different of biscuit were analyzed by AOAC method (2000). 
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2.4. Sensory evaluation  
A consumer acceptance test was conducted on the biscuit. A total of twenty-five untrained panelists were 
recruited from students of the Food Technology Brawijaya University. A randomized complete design was used 
whereby each panelist evaluated all the samples prepared for each treatment. Panelists were instructed to evaluate 
color, taste, aroma, and texture (Laura & Okoli, 2011). The preferred biscuit product was calculated by de Garmo 
methods (1984). The best formulation biscuit was used reference treatment in the second stage.  
Table 1. Formulation of biscuit with different emulsifier 
Composition Weight (gram) 
BNP/control BPNE BPG BPL BPGL 
Wheat flour 100 80 80 80 80 
PFF - 20 20 20 20 
Margarine 30 30 30 30 30 
Sugar 30 30 30 30 30 
Glucose 20 20 20 20 20 
Skim milk 20 20 20 20 20 
Salt 1,0 1,0 1,0 1,0 1,0 
Baking powder 0,5 0,5 0,5 0,5 0,5 
GMS - - 0,5 - 0,25 
Lecithin - - - 0,5 0,25 
2.5. Determination of physical properties and chemical composition of biscuit 
Spread ratio was measured from width (cm) and thickness (cm) of biscuit (Modified method by Adebowale et al., 
2012), color of biscuit (Yuwono & Susanto, 1998), breaking strength (Sudha et al., 2004). Moisture, fat, ash, protein 
contents, and carbohydrates by different of biscuit were analyzed by AOAC method (2000). 
2.6. Sensory evaluation  
A consumer acceptance test was conducted on the biscuit. A total of twenty-five untrained panelists were 
recruited from students of the Food Technology Brawijaya University. A randomized complete design was used 
whereby each panelist evaluated all the samples prepared for each treatment. Panelists were instructed to evaluate 
color, taste, aroma, and texture (Laura & Okoli, 2011). The preferred biscuit product was calculated by de Garmo 
methods (1984). The best formulation biscuit was used reference treatment in the second stage.  
2.7. Preparation of wheat-PFF composite flour biscuit for MTT:  
Three formulation composite flours (wheat flour: PFF) were presented in Table 2. Processing of biscuit the same 
procedure in the first stage. 
Table 2. Formulation of biscuit for MTT 
Composition Weight (gram) 
 B0P B10P B20P 
Wheat flour 100 90 80 
PFF - 10 20 
Margarine 30 30 30 
Sugar 30 30 30 
Glucose 20 20 20 
Skim milk 20 20 20 
Salt 1,0 1,0 1,0 
Baking powder 0,5 0,5 0,5 
Lecithin 0,5 0.5 0.5 
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2.8. Meal Tolerance Test of biscuit  
Eighteen male wistar rats weighing  + 200 g were adapted for one week, given fed Comfeed Pars and watered 
adlibitum. Then, were divided into 3 groups consist of 6 rats. Group 1 were fed biscuit with 0% PFF (B0P), group 2 
were fed biscuit with 10% PFF (B10P), and group 3 were fed biscuit with 20% PFF (B20P). Blood sample were 
taken 1 mL from retro-orbital plexus of rats at 0, 30, 60, 90 and 120 min. Then, were separated by centrifuge at 
4,000 rpm for 20 minutes and stored at 20-25°C for further analysis of glucose levels by glucose oxidase-peroxidase 
method (Basak, 2007). Absorbance values were measured at a wavelength of 500 nm. 
2.9. Statistical analysis  
All data was performed using SPSS version 16. A one-way analysis of variance (ANOVA) followed by least 
significant differences of the samples mean values at 95% confidence level.  
3. Results and discussion 
3.1. Physical properties of wheat-PFF biscuit 
Table 3 shows the physical properties of wheat-PFF biscuit with difference emulsifier. The weight, thickness, 
width, and spread ratio ranged from 7.21-8.24 g, 0.68-0.78 cm, 2.28-4.26 cm, and 4.82-6.30, respectively. There 
were no significant differences (p>0.05) between BNP, BPNE biscuit compared with BPG, BPL, and BPGL biscuit. 
This results similar with Laura et al. (2011), who reported no significant reduction in the thickness, width, and 
spread ratio of sorghum-wheat composite biscuit with increased proportion of sorghum flour.  
Breaking strength of biscuit ranged from 35.40-50.65 N/m2, there were significant differences (p<0.05) (Table 3). 
The breaking strength of BPL biscuit lower than the other treatment, it indicated that texture of biscuit not difficult 
broken. This is due to the interaction between emulsifier and components of soluble dietary fiber (pectin) and 
insoluble dietary fiber (cellulose, hemicellulose, lignin) from PFF. Sindhuja et al. (2005) reported that the increase 
of spread ratio and decrease of breaking strength indicated that the texture of biscuits have more crispy. The 
presence of emulsifiers can improve of the spread ratio biscuits because it forms a complex with amylose, 
thus delaying of gelatinization starch and decrease the viscosity of dough (Sharoba et al., 2013). Kohajdova et al. 
(2009) reported that the presence of dietary fiber caused decrease in specific of volume, because to occur 
interactions between gluten and the components of dietary fiber. 
 
Table 3. Physical properties of wheat-PFF biscuit with difference emulsifier 
 
+ Standard deviation of 2 replicates, ns: not significant (p>0.05) 
3.2. Color   
As presented in Fig.1, there were significant differences (p<0.05) between the brightness (L*), redness (a) 
and yellowish (b) of biscuits.  Biscuit BPG showed similar brightness to biscuit BPNE, but they were different 
with biscuit BPL. The brightness decrease to BPGL biscuit, it could be assumed that color of biscuits darker. The 
redness of BPG biscuit was not different with BPGL biscuit, while the BPL biscuit showed similar redness to BPNE 
Treatment Weight (g)ns Thickness (cm) ns Width (cm) ns Spread Ratio Breaking strenght (N/m2) 
BNP 7,21+0,10 0,73+0,04 3,68+0,03 5,03+0,25 50,65+0,92a 
BPNE 7,55+ 0,16 0,72+0,04 3,93+0,02 5,53+0,33 42,35+0,21b 
BPG 7,79+0,64 0,69+0,02 2,28+2,65 5,98+0,16 39,75+0,78bc 
BPL 8,24+0,34 0,68+0,06 4,26+0,09 6,30+0,69 35,40+3,39c 
BPGL 7,70+0,03 0,78+0,03 3,73+0,04 4,82+0,22 52,70+0,99a 
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and BNP biscuit. The yellowish of BPL was not different with BPNE biscuit, it decreased at BPG and BPGL 
biscuits. 
 
Fig. 1. Color value of biscuit 
3.3. Chemical composition of biscuit 
Table 4 shows the chemical composition of wheat-PFF biscuit with difference emulsifier. The moisture content 
ranged from 3.40-3.95%, there were no significant differences (p>0.05), but the ash, protein, fat content and 
carbohydrate ranged from 2.21-3.23%, 3.98-6.17%, 21.51-25.49% and from 62.98-68.84%, respectively, there were 
significant differences (p<0.05). 
Table 4. Chemical composition of biscuits with difference emulsifier 
Treatment Moisturens Ash Protein Fat Carbohydrate by 
different 
BNP 3,78+0,54 2,12+0,11b 5,33+0,11a 23,46+0,50b 65,31+0,82ab 
BPNE 3,77+0,72 2,46+0,28b 4,43+0,26b 21,51+0,16c 68,84+0,87a 
BPG 3,40+0,38 3,23+0,10a 6,17+0,24a 22,91+0,03bc 64,29+0,75 b 
BPL 3,87+0,68 2,10+0,09b 5,83+0,23a 25,49+0,52a 64,56+1,34 b 
BPGL 3,95+0,27 3,41+0,11a 3,98+0,18b 23,83+0,40b 62,98+0,38 b 
         + Standard deviation of 2 replicates, ns: not significant (p>0.05) 
The ash content of BPG and BPGL showed higher than the other biscuits, this is due to the ash content of 
emulsifier i.e., 0.07% of lecithin and 0.85% of GMS, while the protein content of BPG and BPL showed higher 
than other biscuits, because the results   analysis of protein content in the amount of 1.74% for GMS and 1.13% for 
lecithin. Protein and ash content of all biscuits have not eligible to quality standard of biscuit i.e., maximal 1.6% of 
ash and minimum 9.0% of protein content. BPG, BPL and BPGL biscuits showed similar carbohydrates content, 
while BPNE biscuit is approximate to quality standard (minimum 70%). 
3.4. Sensory evaluation of biscuits 
The results of sensory evaluation were presented in Table 5, the hardness of biscuit samples were not significant 
differences (p>0.05), while the color, aroma and taste were significant differences (p>0.05). BPG biscuit 
showed similar color with BNPE biscuit, but it were not similar BPL biscuit, while BPGL biscuit has the lowest 
color. The same aroma of BPNE, BPG and BPL biscuits, whereas BNP biscuit the highest and decrease at BPGL 
biscuit. The attribute tastes of the four biscuits treatment were similar, except for BNP biscuit. Overall ratings of 
BPL biscuit has highest attributes i.e., color (4.8/ like slightly), aroma and taste score 4.32 and 3.60 (neutral/ neither 
like or dislike). Selection of the best treatment biscuit products were calculated using parameters importance i.e., 
physical, chemical and sensory evaluation biscuits. The results of the highest value were obtained BPL biscuit which 
score 0.47, the emulsifier this formulation were used references the second stage with different PFF concentration 
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Table 5. Sensory evaluation of biscuits 
Treatment Attributes 
Hardnessns Color Aroma Taste 
BNP 5,52+1,29 5,88+1,09c 5,24+1,36b 5,44+1,42b 
BPNE 4,64+1,35 4,64+1,29b 4,20+1,19ab 3,04+1,21a 
BPG 4,44+1,53 4,56+1,23b 4,12+0,97ab 3,44+1,26a 
BPL 4,28+1,40 4,80+1,19bc 4,32+1,38ab 3,60+1,38a 
BPGL 4,08+1,71 2,80+1,50a 3,20+1,61a 2,68+1,49a 
+ Standard deviation of 2 replicates, ns: not significant (p>0.05) 
3.5. Meal Tolerance Test (MTT) of wheat-PFF biscuit  
Figure 2 showed the MTT of biscuit product,  it ranged from 96,74  to 160,14 mg/dL, every 30 min the blood 
glucose levels of B10P and B20P biscuit were no significant difference (p>0.05), but among treatment showed 
significant difference, and increased blood glucose levels of 7.38-33.51 to mg/dL or 7.63% to 30.42%. The blood 
glucose levels at rats control (B0P) increased at 30 min, that is 15.98 mg/dL or 15.37% from 103.95 mg/dL be 
119.93 mg/dL. Blood glucose increased at 30 min interval fo 120 min, that is 14.05 mg/dL or 14.47%, after 2 h were 
observed the blood glucose increased 56.19 mg/dL or 54.05%. 
 
Fig. 2. Blood glucose levels of MTT on wistar rats 
Group rats were fed B10P biscuits at 30th, 60th, and 120th min the blood glucose increased 8.07 mg/dL (7.33%), 
20.45 mg/dL (18.57%) , and 33. 51 mg/dL (30.42%), respectively. The group of rats were fed B20P biscuit at 60th 
the blood glucose increased 5.49% from initial condition, it indicated to takes 60 min for achieve normal condition. 
After 2 h the blood glucose of rats increased 104.12 mg/dL (7.63%), the average of increased 1.85 mg/dL (1.97%) 
each interval 30 min. The B0P and B10P biscuits were no significant difference, but lower the blood glucose at 
group of rats were given B10P than B0P biscuits (normal group), it indicated inhibition absorption of blood glucose. 
The rats were given B20P biscuit shows the blood glucose levels are still below normal conditions, so 
that the biscuits were able to suppress the increase in fasting blood glucose levels to normal after being consumed 
biscuit within 2 h, increased glucose levels topped 7.38 mg/dL (7.63%). Harijono et al. (2013) reported that the 
blood glucose levels 6.99 mg/dL (9.41%) in the rats were fed alginate biscuits. Nielsen et al. (2000) stated that 
glucose levels can be pressed if carbohydrate consumed with dietary fiber so it is very beneficial for people with 
diabetes, either type 1 or type 2. The rank of the ability of inhibition increased glucose levels i.e., 
biscuits with substitution 20% of PFF more than 10% of PFF. 
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4. Conclusion 
Biscuit of desirable physical properties showed that the breaking strength of biscuits were affected by emulsifier, 
whereas chemical properties showed significant affect on all parameter  except the moisture content. Biscuits with 
proportion 20% of PFF and 80% of wheat flour and the addition 0.5% of lecithin to produce a favored product and 
have inhibition increased glucose levels. 
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